A rapid a.L.c. method for estimating total palmitic acid in amniotic fluid~s des~ribed and !t is shown that the principal source of this substance is lecithin. Thus, the.t~hmque IS a c?nvement means of assessing amniotic fluid lecithin concentrations and of predicting the maturity of the foetal lung.
Most of the amniotic fluid samples were obtained by amniocentesis from rhesus immunised patients, patients uncertain of gestational dates and those in whom early delivery was considered. Other samples were obtained either at caesarian section, or amniotomy to induce labour or performed during labour. Samples contaminated with blood or meconium were unsuitable for this analysis.
Most of the samples were analysed immediately, but it was found that there was no significant change in the results if the amniotic fluid was stored at 4°C for at least seven days.
Extraction of lipids from the amniotic fluids
Lipids were extracted according to the method of Folch et al., (1957) . To 2 ml of uncentrifuged amniotic fluid, 4 ml chloroform and 2 ml methanol were added. The mixture was shaken vigorously for 10 min. and then centrifuged at 2500 g for 5 min. Most of the upper aqueous phase was carefully removed using a suction pump.
Preparation of the methyl fatty acid derivatives from amniotic fluid lipids
The methyl esters of fatty acids in the chloroformmethanol extraction were prepared by the method 31
MATERIALS AND METHODS
Examination of the lecithin concentration in amniotic fluid has proved a useful guide to the degree of foetal lung maturity and the likelihood of respiratory distress syndrome occurring if the baby is born prematurely (Gluck et al., 1971) . Maturation of the lung, at about 35 weeks gestation, is associated with a big increase in dipalmitoyl lecithin synthesis and a corresponding rise in concentration of this compound in amniotic fluid.
All the methods used so far for following the change in lecithin concentration have employed thin-layer chromatography of a lipid extract of the amniotic fluid. The lecithin concentration has been assessed either on the chromatogram, by staining with a reagent for phosphate detection (Gluck et al., 1971' Macdonald and Isherwood, 1972; Whitfield and Sproule, 1972) , or by scraping the material off the plate and determining the phosphate in this (Nelson, 1972; Bhagwanani et al., 1972) . The former methods can only be semi-quantitative, whilst the latter are very time consuming for routine use.
Recently we suggested a different approach to the problem, by measuring the total palmitic acid in amniotic fluid by G.L.C. (Warren et al., 1973) . It appeared that this could be used to assess lecithin concentration and predict lung maturity. We have now simplified the G.L.c. method and have demonstrated that using a total palmitic acid measurement is a valid index of the lecithin concentration.
Reagents
Boron trifluoride (BF 3 ) methanol complex was obtained from British Drug Houses, Poole, Dorset; Lecithin, fatty acids and fatty acid methyl esters from Sigma Chemical Company, London, S.W.6; Gas Chromatography column packings from J.J's Chromatography Limited, King's Lynn, Norfolk. Petroleum ether (b.p. was reagent grade and re-distilled, otherwise all other solvents and chemicals were A.R. grade.
Quantitation of the amniotic fluid total palmitic acid concentration
a full-term pregnancy is shown in Fig. 1 
Gas chromatographic separation of the fatty acid derivatives
(a) Analysis using temperature programming. Using this method, which was reported previously (Warren et al., 1973) , it was possible to measure accurately the concentrations of myristic (C14), palmitic (C16), stearic (CIS), oleic (CIS), linoleic (C18J, linolenic (C18 a) and arachidic (C20) acids in amniotic fluid samples. Thirty samples were analysed using this method but it was found that only the palmitic acid concentration showed any correlation with lung maturity. Palmitic acid can more easily be analysed by G.L.C. using isothermal conditions and this latter method was used in the work presented here.
(b) Analysis using isothermal conditions. Fatty acids were separated on a 5-ft glass column filled with 10% diethyleneglycol succinate on acid washed and silanised Chromosorb W (80-100 mesh), using a Pye 104 gas chromatograph (Pye-Unicam Ltd., Cambridge, England) with a dual flame ionisation detector. The optimum conditions for separating the fatty acids were a nitrogen and hydrogen flow rate each of 33 ml/min, and an air flow rate of 400 mI/min. The attenuation was 2000 and the chromatograph was operated at a column oven temperature of 185
DC.
Approximately 2~I of the fatty acid methyl ester calibrating standard was injected at the beginning of each run. The prepared amniotic fluid fatty acid derivatives were dissolved in 0.2 ml chloroform and 2-5~I of this solution was injected on to the column. A typical chromatogram of an amniotic fluid from of Metcalfe et al., (1966) . A 3 ml aliquot of the chloroform layer, containing the amniotic fluid lipids, was transferred to a 50 ml volumetric flask. The lipids were hydrolysed by adding 5 ml methanolic sodium hydroxide, 0.5 mol/l, and heating on a steam bath for 5 min. Internal standard (0.2 ml) and BFa-methanol (5 mI) were then added and the mixture boiled for 2-5 min. Saturated sodium chloride solution (30 mI) was added to the flask to float out the methyl esters. The entire mixture was then transferred to a 100 mI separating funnel, about 20 ml petroleum ether was added and the mixture shaken vigorously for 1 min. After allowing the two layers to separate, the lower aqueous phase was drained and discarded. The petroleum ether layer containing the fatty acid derivatives was filtered into a large test tube and the solvent evaporated at 50 DC under nitrogen until 5 ml remained. The latter was transferred with washings to a 10 ml centrifuge tube, and the solvent was then evaporated to dryness. 7.5 is introduced by the ten-fold concentration and the use of only 3 of the 4 ml of chloroform extract. The values were not corrected for incomplete recovery, as this was shown to remain relatively constant during the course of this work.
RESULTS

Method evaluation
(a) Recovery on lipid extraction. Known volumes of aqueous dipalmitoyl lecithin solution (20 mg/1oo ml) were added to 2 ml samples of the same amniotic fluid. Chloroform and methanol in the ratio of 2:1 was added to the samples and the lipids were extracted, hydrolysed, methylated and analysed as described previously.
The average extraction recovery for palmitic acid (from lecithin) was 73.5 %with a range of70. 7-77.3 % (Table 1) .
(b) Efficiency oflecithin hydrolysis. Known volumes (from 0.1-5 ml) of dipalmitoyl lecithin standard were each hydrolysed with 5 ml methanolic sodium (Table 2) show that the volumes of hydrolysing and methylating reagents were not sufficient for lecithin standards containing more than 1.53 rnmol/l of palmitic acid. The average hydrolysis recovery for the dipalmitoyl lecithin solutions containing less than 1.53 mmol/l palmitic acid was 99.3 %.
(c) Reproducibility of fatty acid methylation and variation of efficiency with fatty acid concentration. One ml of palmitic acid standard solution (3.682 mmol/I) was methylated using 5 rn1 BF 3 -methanol. Internal standard (l ml) was added before the methylation process and the final residue was dissolved in 1 ml chloroform. About 2111 of this was injected on to the gas chromatograph column and analysed as before. This experiment was repeated eight times when a mean percentage recovery was 96 with a range of 92 to 102.
Next the recovery of added fatty acids was studied at different fatty acid concentrations, to establish that the amount of methylating agent used. was sufficient to fully methylate all levels of palmitic acid present in amniotic fluid samples. Volumes of the palmitic acid standard from 0.1-3 ml were methylated using 5 mI BFa-methanol and analysed by G.L.c. The methylation recovery was constant and averaged 96 % up to a theoretical palmitic acid concentration of II mmol/l (Table 3) . (a) Measurement of palmitic acid in lecithin isolated from amniotic fluid by thin layer chromatography. The correlation that was found previously between amniotic fluid palmitic acid levels and maturity suggested that the palmitic acid found in the amniotic fluid originated mainly from lecithin. This was tested by isolating lecithin from amniotic fluid by thin-layer chromatography, using the method of Bhagwanani et al. (1972) , and comparing its palmitic acid concentration with that of the total palmitic acid concentration of the amniotic fluid. The palmitic acid left on the thin-layer plate after the lecithin had been removed, was also measured.
Origin of the palmitic acid found in amniotic fluid
Table 3 Palmitic acid methylation recovery (b).
The results are shown in Table 4 . The mean of the palmitic acid originating from lecithin in all samples was 87 %, the lowest figure being 75 %. The mean percentage of palmitic acid from other sources in the amino tic fluid was only 9.75.
(b) Measurement ofamniotic fiuidfree palmitic acid. Free fatty acids were extracted from the amniotic fluid with a two phase heptane-isopropyl alcoholwater system as used in the method of Dole and Meinertz (1960) 0 They were then methylated and analysed by G.L.C. The mean percentage of free palmitic acid in the samples was 501 with a range of 0-12.41 (Table 5 ). The actual concentration of free palmitic acid measured in the 10 samples varied very little, ranging from 0-0.02 mmol/I.
DISCUSSION
These results demonstrate satisfactory recovery and reproductibility in the method for measuring total palmitic acid in amniotic fluid, and a simplified technique for gas-liquid chromatography of the fatty acid methyl esters, using isothermal column conditions, has been described. Of greater interest, for clinical purposes, is the finding that the major part of the total palmitic acid estimated comes from the lecithin fraction. The rest is mainly free palmitic acid, some of which could also have originated from lecithin which has been hydrolysed prior to analysis. Thus, measuring total palmitic acid approximates closely to a determination of lecithin. The attraction of determining liquor palmitic acid for assessment of foetal lung maturity, rather than previously described methods of measuring lecithin levels, lies in its speed and simplicity. Providing a gas chromatograph is easily available, four samples may be processed in an hour. The fastest time in which four samples can be examined by T.L.e. methods is about 2 hs, the longer time being taken up hy seeding the plates and the solvent run. Apart from the saving in technician time, the more readily available results may be important in some pregnancies. The fact that the method is quantitative may also be an advantage, particularly in those instances where the result is border-line in its prediction.
The technique has been evaluated in 92 amniotic fluid samples obtained within 24 h of delivery. In 32 cases the baby developed respiratory distress syndrome and these were completely differentiated from those with mature lung function by the liquor palmitic acid concentration. The critical concentration of palmitic acid, above which the lung could be assumed to be maturing was 0.073 mmol/l. No border-line values were encountered, which might require account of the amniotic fluid volume to be taken (Falconer et al., 1973) . In 47 fluids both the palmitic acid and the lecithin-sphingomyelin ratio were determined by a T.L.e. method. There was no disagreement in the predictions by the two methods. Thus we found no advantage in measuring lecithin in relation to sphingomyelin, a practice which was introduced to correct for variations in amniotic fluid volumes in different pregnancies.
